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@ A new delayed action electrical protection device, depending on an adjusted magnitude.

@ This invention provides a delayed action electrical
protection device which may be used for example to pro-
tect electrical lines and equipment against disturbances
such as overioad conditions and minimum voltage con- AR
ditions. An analogue signal denoting the particular con- &
dition for which protection is to be provided is converted

into a digital signal which is applied to a micro-processor.
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In the micro-processor this digital is compared with a p (2w

prescribed value or values fed into the processor. The pro- [T~
W= cessor contains information relating to characteristic i [T~
< curves which define the time delay between the detection —y O™

of a particular condition and the production of a tripping :t:

signal which may, for example, be used to interrupt the & 18
< electrical circuit and/or provide an alarm. The time delay %‘-"‘
N varies inversely with the magnitude of any disturbance and

may, for example, be defined by the expression:- ~ »
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° where K is a constant; i equals -Il—; where | is the measur-
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° ed current and |, is the prescribed value.
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“ A NEW DELAYED ACTION ELECTRICAL PROTECTION DEVICE, DEPENDING
ON AN ADJUSTED MAGNITUDE".

Tnis invention enables a new electrical protectiocn device
to be obtained, which is controlled by a magnitude that i3 adjus-

ted by a time relay depending upon it, and, as will be seen from

the ensuing specification of the invention, it takes nver the
functions that are at present performed by different kinds of
protection devices, and it can perform same with an increased
degree of accuracy, while it furthermore combines them all, and
obviates certain errors which up to now had been impossible to

overcome.

Figure 1 is a diagram of the new protection device coverad
by this invention.

Figure 2 depicts a family of three characteristic curves
as obtained by plotting the change over delay time, snown on th:a
vertical axis, against a dependent magnitude which, in tiils cas.,
is comprised by the ratio between the real current (I) flowing
in the circuit to be protected, and the nominal current (In)
thereof.

Notations as follows are used in these figures:

1. Transformer.
2. Resistance.
3. Band pass filter.
4. Analogue-to-Digital converter.
5. Microprocessor.
6. Desired nominal current value selector.
7. Desired additional constant time value selector,
8. Desired instantaneous trip value selector.
9. Desired watch time value selector.
10. Desired reset time value selector.
11. Desired locking time value selector.
106. Dependent time trip output relay.
108. Instantaneous trip output relay.
109. Second order alarm output relay.
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110. Reset output relay.
206. Preset value (6) trip signal.
208. Preset value (8) trip signal,
209. Preset value (9) trip signal.
211, Preset value (L1l) trip signal.

For the sake of simplicity in the explanation, tha ilnven-
tion is first described with reference to one of the functionsg it
can perform (which is that concerned when it behaves in the sam:
way as an overload relay), and thereafter reference will be madn
to the other functions it embodies.

Up to now, electro-mechanical relays of an induction disc
design have been used as overload relays for generating time char-
acteristic curves. Here the inertia of the disc caused errors

to arise when obtaining such curves, and moreover it made the
disc travel excessively in its angular motion when the current
transformer secondary current descended, so tﬁat upon thus cnnt-
inuing to revolve, the d&isc would cause the trip circuit to clase
(this phenomenum being called over-reach), while furthermonre the
inertia thus produced would cause a considerable consumption in
the current transformers, which made them increasingly exnensive.

Subsequently, electronic circuits appearad, which ginarated

inverted time functions. The relays provided irn electrontic
circuits of this type have been shown to have superior features
to those possessed by electro-mechanical relays, and thus improve
upon the consumption and over-reach aspects, while furthecmore
they provided an improvement as reagards repeatibility errnrs with
respect to time measurement. However, the manufacture of these
pieces of equipment i3 relatively complex, because of the selection
that has to be made of the components which comply with the time
characteristic curve requirements. These difficulties were par-
tially overcome by incorporating circuits that were based on the
use of analogue operational amplifiers, whose supply network possessed non-linear feedback
components, which produced a non-linear tronsfer characteristic in the circuit. Nonetheless,
such circuits involve complexities as regards obtaining a certain time characteristic curve,

on the basis of a given tronsfer characteristic for such circuits. Moreover, since these circuits

are analogue ones, they involve manufacturing difficulties, drifts, and the
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need to preset the input signal in order for the output signal
to be directly proportional to the operational amplifier injut
signal (that is to say, the so called “offset"™ phenomenum, etc).

The present invention enablecs all the aforementioned draw~
backs to be overcome, and to this end, it is based upon the usc
of a digital micro-processor, which allows all adjustment proci:-
dures during manufacture to be eliminated, and for any kind of
timing characteristic curve to be obtained.

The new delayed action protection device depending on an
adjusted magnitude, as may be seen from Figure 1, is comprised
of:

- A transformer (1) for adapting the current in the line it is
proposed to protect, where said transformer is fitted with &
number of taps to allow the transformation ratio to bc adapted.

- A resistance (2), wherein a voltage proportional thereto appears
whenever a current that is proportional to the primary current
circulates in it. This voltage 1s filtered by the band pass
filter (3) which rejects the peaks and troughs.

- An analogue-to-digital converter (4), which tums the above signal into a digital reading
for subsequent processing. Such signal conversion may either be accomplished by the use
of on analogue-to-digital converter, such as that illustrated in Figure 1, or by the use
of an analogue-to-digital converter (not illusirated) which is goverened by the processor.
The processor compares the signal it receives against the preset values. Such preset
values are predetermined in a digital form, either by means of codified digital switches
provided for the ‘purf.Jose, or by means of instructions transmitted in digital form from

outside.

From now onwards, the processor is in possession of sufficient data to enable

it to take decisions to trip and to calculate the times suitable for each situation.

There are two different modes of operation envisaged:
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In the first mode of operation, the tripping delay times
{(ta) (See Figure 2) are obtuained by direct calculation on the
basis of the equations which define different kinds of curve.
Hence, on the assumption that an extremely inverse curve as defined
in B.S. 142 has been chosen in the protection, the equation
defining the delay is:

X
i2-1
I

where i = T that is to say, the ratio between the ceal I

n
value which flows through the current traansformer (1) primarvy,

ta =

and the ncminal I, value as rated or praset in the protecrion by
the slector (6); and where K i3 a constant comprising ancther of
the preset values. Three time curves are shown in Figqure 2, arnd
these correspond to three values of K = K1, K2 and K3 respectively.

In a first step, the micro-processor pP calculates the value of i
by means of the real current and the nominal value. On the other hond, and

as has already been mentioned, coanstant K 1Is a presct value fucor-

porated into the protection, and which defines the particular tim1n3

characteristic for K = Kl; K= K2; K= K3, etc., from among the fomily
of curves.

Thereupon, by applying these two values X and i to the B.S.
equation, the micro-processor calculates the tripping delay
time. (ta).

Bearing in mind that the real current value (I) during the

disturbance will not necessarily be constant, but will rather develop

with respect to the time, the tripping delay time will neecd
to be recalculated. Moreover, as the purpose here is to rival a
Ferrari disc system which integrates values with the course of
time, the same needs to be done in this case; that is to say, when
a new value of ta is calculated, it must be influenced by the
"history" in the disturbance from the time it appeared, or, in
other words, the protection must be such as to take account of
the time elapsed up to the moment when the real current valua (1)
alters.
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This correction is made in the following manncrc: at. the
instant when the first disturbance appears, the value of tal is
calculated, and the time bagins to be measured; while in following
time intervals, the measurement goes on being analysed, and 1if
there is any variation in such measurement, then the new time is
calculated as follows:

ta2 (remainder) = (1 = T1 . ta?2,

tal

where:

- ta2 (remainder) denotes the time that must elapse before trip-
ping with the new 12 ratio takes place, and in which time, account
is taxen of the disturbance development "history”;

- Tl is the time elapsed with il up until when the second current
(and hence the 12 ratio) appears;

- tal denotes the trip delay time which would have existed {n case

1, that is to say, the tripping delay time as calculated on the
basis of il;

~ ta2 1is the trip delay time which would have existad in case 2,
that is to say, had 12 been present from the very moment the di:s-
turbance appeared.

In this manner, the real operating time is an integral
function of the disturbance development, in the same way as happens
with the Ferrari type electro-mechanical relay. Once the last ta2
(remainder) updated time has elapsed, the uP gives the order for
the output relay (106) to close.

In the second mode of operation, the trip delay time {s
calculated with tables instead of being determined by direct
calculation.

To this end, a pre-adjusted timer which incr:ments at
fixed intervals of time, is placed in the Central Pcocessing Unit,

znd tripping of the protection takes place when the timer value (s
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equal to or exceeds a prescribed preset value. This value iy
obtained by means of a previous study of the curve to ke obtainel,
of the admissible ta errors, and of the available calculatiny
speed.

The required integration, together with the obtainment of
the tripping delay times, are achieved by varying the timer {incre-
ment magnitudes in proporfion to the ratio 1 between the real current
and the nominal current values.

For example:

- Let the timer prescribed value be 5,000;

— Let the timer interval incrementing time be 5 m.sacs.;

- Let 1 sec. be the tripping delay tima for twice the nominal
curfent. This means that when such overloading is maintained

constant throughout the disturbance, the timer incrcment

o.gos - 25

- Let 0.5 seconds be the tripping delay time for four times the

value is Ac= 5000x

nominal current. In this case (assuming that this overload

ramains constant throughout the whole disturbance) the timer
0.005
= 50,

increment value is Ac = 5000x——6—§—

The protection equipment gauges the current, and finds a
value twice as large as the nominal current, and using this valun,
it refers to the increment table where it finds a Ac value esqual
to 25, this value being added to the timer every 5 m.secs., 1nd
in the event of there being no alteration to the adjusted maynituda
i, the timer will reach its prescribed value of 5000 after 200
intervals have elapsed, whereupon the elapsed time will be 1 szacond
Once the prescribed value is reached, the uP gives the order for
the output relay (106) to close. ’

Let it now be assumed that the disturbance develops four-
fold during the time counting periocd. The new measurement will
then obtain an increment value of Ac equals 50, this being the
new increment to be added in the timer; this moreover having fnto-
grated that time during which the disturbance remained at twice

the nominal current value, and henceforth the timer will add a

[H
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series which is double to what it was in the preceding case, since
the trip delay time is now half what it was before.

It is to be noted that if at any time during the process,
the real current (I) drops below In, the timer returns to zero

immediately.

This system rivals the electro-mechanical disc type relay
insofar as time integration is concerned, because the value ceached
by the timer whilst the disturbance has a value of i = 2 {3 ana-
logous to the motion undergone by the induction disc throughnut
that time; and, when the disturbance increases, and with it the
timer Ac increment, the integration process is similar to the disu
speed increase.

The timing characteristic curve thus obtained is a juqgged
aporoximation to the desired curve; but nonethéless, by choaslineg
the timer prescribéd value, the time interval for timer inccament,
and the average current value, all in a suitable manner, it hecomes
possible to obtain an average whose errors are very much smaller
than those normally obtained in the standards by which these cucves
are defined.

It is to be noted that the timer characteristic curves may
be any curve, and amongst these are the ones cbtained on the basis
of the time curves specified under B.S. 142; but here a fixed,
additional and optional time is added to the said curve delay times,
this not being dependent upon the parameter being qgauiged (which in
the case here, is the current). Said fixed, additional and optional

time comprises one of the prescribed values in a reference
magnitude to be determined by (7).

Up to now an explanation has been given aa to the behaviour
of the protection, by way of a description of its components and {ts
operation when it performs the Eunction of an inverted time overload
relay, but its functions do not end here, but instead the sama
components as above, and simultaneously therewith, may optionally
embody an instantaneous trip feature, operating as from a gis2n
value of i, where this value is considered as the prescribed vaiu.,
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and must be defined when saild feature is used. In this case, the
protection will behave like an instantaneous overload prctection
relay. The prescribed value of { is set upon the desired instan-
taneous trip value selector (8), and in this case, the micro-
processor gives an output signal which closes the instantaneous
trip relay (108) when the prescribed value set on the selector

(8) is exceeded.

The protection device may also simultaneously adopt othec

functions too, as for example perform a constant watch wherehy
the processor ensures that the magnitude to be measured (adjuutddd
magnitude) develops in the proper direction; or, for exarple, to
ensure that the present current (I) descends below In ktefore the
end of a predetermined period of time as preset on the desired
watch time value selector (9). In the event where, upon expiry
of such watch time, the adjusted magnitude has failed to develop
in the proper direction, the protection will cause the szecond ordec
alarm output relaj (109) contacts to trip. In this way, a watch
is kept, for example, to ensure that after the protection has ordered

the circuit to trip, and where such condition was caused hy a
fault in the operation of a switch, then such tripping will not
take place; whereupon and by virtue of this-new function, onci: it
is checked that no tripping has taken place within the %ime an
preset on selector (9), the switch operating failure is dctected
and thereupon the alarm i3 given by means of its output relay
(109), this being a second order alarm, because 1t denotes that a
disturbance has taken place, that the protection device ordered
action to be taken, but that no such action was taken.

Moreover, the protection device constructed in accordanca
with this invention may embody further watch functions, and in this
regard there 1s the one whereby the processor watches the develop-
ment of the disturbance, and if same disappears, then the processor
allows a period of time to elapse (as pre-established on the desired

reset time value selector), at the expiry of which, the adjust-
ment component (110), comprising an output relay, clases its
contacts and re-establishes the service, in such a manner that
there is the possibility of an automatic service resatting featurae
which operates when the disturbance causing it ﬁo trinp 1t tha entd
2Z a certain length of time, has disappeared.
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Moreover, the invention being dealt with hera may also
ensure that if, before a further period of time has elapsed (as
preset on the desired locking time value selector (ll), and which
may here be termed "the locking time", the disturbance was tn
reappear, then the service reétorinq function, as refarred to 1in
the preceding paragraph, would become locked, and thus pravent oper-

ation of the reset output relay (110). 1In this way, the riik of
"hunting" is avoided, that i3 to say, when the service restoring
function has operated, there i3 a reappearance of the disturb.anc:
and as a result tripping recurs, whereupon the service restoring
service operates again, and so on, wherewith the main switch ynes
on opening and closing continually due to the real cause of the
disturbance not having been eliminated. With this function as
descr;‘.bed, the invention would act as a protection against successive

-~ recurrences of the disturbance.

Each one of the aforementioned functiohs, (with the excq p-
tion of the desired additional constant time value selectar (7),
caters for memorizing and signalling of its operatinn by mean: of
light emitting diodes (LED), which will remain lit until such
operation is erased from their memory, which may either Le accowm-

plished locally (by means of a press button), or by means of outside
signals.

Hence, signal (206) shows tripping at the value prescribed
on the desired nominal current value selactor (6).

Signal (208) shows tripping at the value prescribed on tha
desired instantaneous trip value selector (8).

Signal (209) shows tripping at the value prescribed on tha
desired watch time value selector (9). .

Signal (211) shows tripping at the value prescribed on the
desired locking time value selector (1ll).

From all the foreqgoing, it may be seen how, in accordance
with the invention being dcalt with here, it is envisaged that

in a single protection device, and in a combined manner, it is
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possible to perform simultaneously the functions of an inverted
tine overload relay, an instantaneocus overload relay, a switch
operation failure detector, or second order alarm, and a servict
restoring relay, with protection against multiple recurrence of
the disturbance.

The new electrical protection device covered bv this
invention may obviously be used too for the purpose of pe: forming
solelyvy one of the functions described above, by means simply of
suppressing the others.
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CLAIMS:
1. A delayed action electrical protection device, characterised in that
it includes an analogue-to-digital converter adapted to convert an input magnitude
into a digital signal which is applied to a micro-processor in which is stored information
defining relationships between time delay ond magnitude of departure of the digital
signal from a set value, said micro-processor being adapted to provide on ocutput
tripping signal after a time delay determined by said stored information if said digital
signal departs from said set valve.
2. A protection device as claimed in:Claim 1, choracterised in that the
information stored in said micro-processor defines a plurality of characteristic curves,
relating time delay to the ratio of said digital signal and ;aid set value.
3. A protection device as claimed in Claim 1, characterised in that the
information stored in said micro-processor is in the form of tables relating time delays
to ratios of said digital signal and said set value.
4. A device os claimed in any of the preceding Claims, characterised
in that the set value is fed into the micro-processor by means of a plurality of digital
switches.
5. A protection device as claimed in any of Claims 1 to 3, characterised
in that the set value is fed into the micro-processor by meons of a remote conirol or
transmission system.
6. A protection device as claimed in any of the preceding Claims,

choracterised in that the time delay is inversely proportional to the input magnitude.
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7. A protection device as claimed in Claim 6, characterised in that the input
magnitude is the value of an eleciric current, in that the micro-processor provides a
digital form of the present current value together with the result of a calculation based on
on inverted delay time curve using a preset constant, and in that the output signal is
applied to inverted time overload protection relay.

8. A protection device as claimed in Claﬁn 7, characterised in that a

fixed, odditional and optional time, which is not dependent on the magnitude being
measured, is odded to the delay time as obtained from the timing curves, and in that

such fixed, odditional and optional time comprises one of a plurality of prescribed values
to be set in by an appropriate selector.

9. A protection device as claimed in any of the.preceding Claims, character-
ised in that means are provided for entering an instontaneous tripping value into the
micro-processor and in that said ocutput iripping signal is produced immediately when

the digital signal corresponds to an input magnitude which exceeds said instantaneous
tripping value.

10. A protection device as claimed in Claim 9, characterised in that the

input magnitude is on electric current, and in that, when the ratio between the present
current and a nominal current exceeds a preset value, the device operates as on instant-
aneous overlood relay.

. A protection device as claimed in any of the preceding Claims,
chaoracterised in that ofter the micro-processor has provided the output tripping signal, it
will watch that the input magnitude develops in the right direction before the expiry of

a pre-established time, which is preset os a prescribed value, and aofter the end of which,
the micro-processor orders on output relay to close if no such development has taken place

in the right direction.
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12, A protection device as claimed in Claim 11, characterised in that
the input magnitude is an eleciric current, and in that the device behaves like a
switch tripping failure detector or second order alarm.
13. A protection device as claimed in any of the preceding Claims,
characterised in that after the. micro-processor has provided the output tripping signal,
it watches: the development of the disturbance in the input magnitude, and once said
disturbonce has disoppeared, allows a predetermined time as set as the preset value
on a selector to elopse, whereupon it orders an cutput relay to close, thus allowing

) the service to be restored, ond where, should the disturboncg orise again in the micro-
processor before a new predetermined watching time set as the preset value on onother
selector has elapsed, then, in addition to ordering the trip, it would order the service
restoring relay to become locked, so that in this way the device behaves like a service
restoring relay with protection against multiple recurrences.
14. A protection device as claimed in any of the preceding Claims,
characterised in that light emitting diodes are employed to signal the performance of

the device, such dicdes remaining alight from the time the tripping signal is produced

until they are extinguished by means of a local push button, or by remote control.
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15. A protection device as claimed in any of the preceding Claims,

characterised in that it performs the functions of on inverted time overload relay,

an instantaneous overload relay, a switch.operating failure detector, or second order

alorm, and a service restoring relay, with protection against multiple recurrences.

16. A protection device os claimed in Claim 1, characterised in that

said micro-processor calculates the delay time as the ratio of a preset constant to a

function of the input magnitude minus 1.

17. A protection device as claimed in Claim 16, characterised in that said
" function is the square of the ratio of the input magnitude to the set value.

18. A delgyed action electrical protection devicg, characterised in that

it comprises on analogue-to-digital converter adapted to measure a signal denoting

the adjusted magnitude to be vgatched, ond of tuming it into digital information for

subsequent processing, and a micro-processor for processing the information which is

digitally in accordance with timing characteristic curves that relate the tripping delay

time to said adjusted magnitude, and for performing the digital comparison between the

prescribed values ond the vah.;es of the signals as received from the converter, and

ordering tripping if there is found to have been a disturbance in the adjusted magnitude,

provided that the delay time, that corresponds to the size of the disturbance, has elapsed.
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